Crystal structures of (AE)-(1SR,5SR,6SR,7SR,10SR,-11SR,13RS,14SR)- 13-hydroxy-7-methoxymethoxy-11,15,18,18-tetramethyl-3-oxo-2,4-dioxatetracyclo[12. 3.1.0 1, 5 .0 6, 11 ]octadec-15-en-10-yl benzoate, its 13-epimer and 13-one derivative Takeshi Oishi, a 
, are tetracyclic benzoates possessing a taxane skeleton with a fused dioxolane ring as the core structure. In the asymmetric unit of (A), there are two independent benzoate molecules (A and A 0 ) and a half molecule of solvent pentane disordered about an inversion center. The molecular conformations of (A), (B) and (C) are similar except for the flexible methoxymethoxy group. The cyclohexane, cyclohexene and central cyclooctane rings adopt chair, half-chair and chair-chair (extended crown) forms, respectively. The dioxolane rings are essentially planar, while the dioxolane ring of A 0 is slightly twisted from the mean plane. In the crystal of (A), intermolecular O-HÁ Á ÁO, C-HÁ Á ÁO and C-HÁ Á Á interactions link the independent benzoates alternately, forming a chain structure. In the crystals of (B) and (C), molecules are linked through O-HÁ Á ÁO and C-HÁ Á Á interactions, and C-HÁ Á ÁO hydrogen bonds, respectively, into similar chains. Further, weak intermolecular C-HÁ Á ÁO interactions connect the chains into a three-dimensional network in (A) and a sheet in (B), whereas no other interactions are observed for (C).
Chemical context
Paclitaxel is a well-known natural diterpenoid containing a taxane framework (tricyclo[9.3.1.0 3,8 ]pentadecane; Fig. 1 ), with potent antitumor activity (Wall & Wani, 1995) . The complicated structure and significant bioactivity have attracted chemical and medicinal interest. Recently, we reported the crystal structure of the precursor for cyclization to build the taxane skeleton (Oishi et al., 2015; x4) , which was obtained in a synthetic study of paclitaxel. The cyclization reaction was accomplished to afford strained tetracyclic benzoates (A) and its 13-epimer (B), then further oxidation gave a ketone (C).
Structural commentary
The asymmetric units of the title compounds, (A), (B) and (C), are shown in Figs. 2, 3 and 4, respectively. Their molecular conformations are similar except for the flexible methoxymethoxy group (Fig. 5) . 15, 18, 3.1.0 1,5 .0 6, 11 ]octadec-15-en-10-yl benzoate, (A)
(AE)-(1SR,5SR,6SR,7SR,10SR,11SR,13RS,14SR)-13-
The two independent molecules, A (C1-C37) and A 0 (C1 0 -C37 0 ), adopt slightly different conformations. The pentane solvent molecule is disordered around the center of symmetry. The asymmetric unit of compound (A) with the atom labelling. Displacement ellipsoids are drawn at the 30% probability level. The left benzoate molecule has been moved by a symmetry operation of (Àx + 1, Ày + 1, Àz + 1) from its original position. The pentane solvent molecule is disordered by symmetry over two sites with occupancy 0.50. Only H atoms connected to O and chiral C atoms are shown for clarity.
Figure 3
The asymmetric unit of compound (B) with the atom labelling. Displacement ellipsoids are drawn at the 30% probability level. Only H atoms connected to O and chiral C atoms are shown for clarity.
Figure 4
The asymmetric unit of compound (C) with the atom labelling. Displacement ellipsoids are drawn at the 30% probability level. Only H atoms connected to O and chiral C atoms are shown for clarity.
The dioxolane ring in A (C1/C2/O20/C21/O22) is essentially planar with a maximum deviation of 0.0434 (18) Å for atom C1, while the dioxolane ring in A 0 (C1 0 /C2 0 /O20 0 /C21 0 /O22 0 ) shows a flattened twisted form with puckering parameters of Q(2) = 0.0713 (17) Å and '(2) = 47.8 (14) . Atoms C1 0 and C2 0 deviate from the mean plane of the other atoms by 0.104 (4) and À0.019 (4) Å , respectively. The cyclohexane rings (C3-C8 in A and C3 0 -C8 0 in A 0 ) adopt chair forms with puckering parameters of Q = 0.5728 (19) Å , = 174.96 (19) , ' = 352 (2) , Q(2) = 0.0508 (19) Å and Q(3) = -0.5705 (19) Å for the C3-C8 ring, and Q = 0.570 (2) Å , = 6.68 (19) , ' = 181.2 (16) , Q(2) = 0.0691 (19) Å and Q(3) = 0.5656 (19) Å for the C3 0 -C8 0 ring. The larger substituents (C3-C2 and C3 0 -C2 0 ; C4-O34 and C4 0 -C34 0 ; C7-O24 and C7 0 -C24 0 ) are in the equatorial positions, but substituents on quaternary carbons (C8-C9 and C8
0 -C9 0 ) are slightly tilted from the equatorial positions with angles to the Cremer & Pople plane of 59.74 (13) and 59.59 (13) , respectively. The cyclohexene ring in A (C1/C14/C13/C12/C11/C15) adopts a half-chair form with puckering parameters of Q = 0.5419 (18) Å , = 50.2 (2)
, ' = 318.9 (3) , Q(2) = 0.4162 (19) Å and Q(3) = À0.3470 (19) Å . Atoms C1 and C15 deviate from the mean plane of the other four atoms by 0.272 (3) and À0.547 (3) Å , respectively. The cyclohexene ring in A 0 (C1 0 /C14 0 /C13 0 /C12 0 /C11 0 /C15 0 ) also adopts a half-chair form with puckering parameters of Q = 0.5364 (19) Å , = 129.8 (2) , ' = 138.8 (3) , Q(2) = 0.4124 (19) Å and Q(3) = À0.3431 (19) Å . Atoms C1 0 and C15 0 deviate from the mean Table 1 ). 15, 18, 1,5 .0 6, 11 ]octadec-15-en-10-yl benzoate, (B) Compound (B) is the C10-epimer of (A). The dioxolane ring in (B) (C1/C2/O20/C21/O22) is essentially planar with a maximum deviation of 0.0124 (11) Å for atom O22. The cyclohexane ring (C3-C8) adopts a chair form with puckering parameters of Q = 0.564 (2) Å , = 4.1 (2)
(AE)-(1SR,5SR,6SR,7SR,10SR,11SR,13SR,14SR)-13-
, ' = 124 (3) , Q(2) = 0.039 (2) Å and Q(3) = 0.562 (2) Å . The larger substituents (C3-C2, C4-O34 and C7-O24) are in the equatorial positions, while the substituents on quaternary carbon (C8-C9) is slightly tilted from the equatorial position with an angle to the Cremer & Pople plane of 57.89 (13) . The cyclohexene ring (C1/C14/C13/C12/C11/C15) adopts a half-chair form with puckering parameters of Q = 0.540 (2) Å , = 130.1 (2) , ' = 136.3 (3) , Q(2) = 0.413 (2) Å and Q(3) = À0.348 (2) Å . Atoms C1 and C15 deviate from the mean plane of the other four atoms by 0.237 (4) and À0.575 (4) Å , respectively. The central cyclooctane ring (C1-C3/C8-C11/ C15) adopts a chair-chair form with puckering parameters of Q = 0.863 (2) Å , Q(2) = 0.283 (2) Å , '(2) = 126.7 (4) , Q(3) = The molecular conformations of compounds, (A), (B) and (C). In (A), there are two independent benzoates indicated as A (C1-C37) and A 0 (C1 0 -C37 0 ). Black dashed lines indicate the intramolecular C-HÁ Á ÁO interactions. Purple dotted lines indicate intramolecular HÁ Á ÁH short contacts. For clarity, only H atoms involved in these interactions are shown. Table 1 Hydrogen-bond geometry (Å , ) for A.
Cg1 is the centroid of the C27-C32 benzene ring. 0.113 (2) Å , '(3) = 23.1 (10) and Q(4) = 0.807 (2) Å . The elongated bond lengths of 1.584 (3) Å for C10-C11 and 1.571 (3) Å for C11-C15, and the extraordinary sp 3 angle of 126.80 (17) for C8-C9-C10 suggest strain in the fused ring system. There are intramolecular C-HÁ Á ÁO interactions (C2-H2Á Á ÁO33 and C14-H14AÁ Á ÁO34; Table 2 ).
(AE)-(1SR,5SR
,6SR,7SR,10SR,11SR,14SR)-3, 15, 18, 3.1.0 1,5 .0
]octadec-15-en-10-yl benzoate, (C)
Compound (C) is the C10-oxo derivative of (A) and (B). The dioxolane ring in (C) (C1/C2/O20/C21/O22) is essentially planar with a maximum deviation of 0.0280 (12) Å for atom O22. The cyclohexane ring (C3-C8) adopts a chair form with puckering parameters of Q = 0.563 (2) Å , = 5.9 (2)
, ' = 227 (2) , Q(2) = 0.056 (2) Å and Q(3) = 0.560 (2) Å . The substituents including that on the quaternary carbon (C3-C2, C4-O34, C7-O24 and C8-C9) are in the equatorial positions.
The cyclohexene ring (C1/C14/C13/C12/C11/C15) adopts a half-chair form with puckering parameters of Q = 0.533 (2) Å , = 131.7 (2)
, ' = 135.3 (3) , Q(2) = 0.398 (2) Å and Q(3) = À0.354 (2) Å . Atoms C1 and C15 deviate from the mean plane of the other four atoms by 0.222 (4) and À0.577 (4) Å , respectively. The central cyclooctane ring (C1-C3/C8-C11/ C15) adopts a chair-chair form with puckering parameters of Q = 0.898 (2) Å , Q(2) = 0.311 (2) Å , '(2) = 113.2 (4) , Q(3) = 0.066 (2) Å , '(3) = 353 (2) and Q(4) = 0.839 (2) Å . There is a short intramolecular contact of 1.88 Å between the atoms H2 and H16A.
Supramolecular features

Compound (A)
The crystal packing is stabilized by intermolecular O-HÁ Á ÁO hydrogen bonds (O33-H33Á Á ÁO22 0i and O33 0 -H33 0 Á Á ÁO22 ii ; Table 1 ) connecting the A and A 0 molecules alternately to form a chain with a C(7) motif running along the b axis (Fig. 6 ). Further intermolecular weak C-HÁ Á ÁO and iii ; Table 1 ) with an R 2 2 (10) graph-set motif, forming a tape parallel to (101) and along the b axis (Fig. 7) . The adjacent tapes are connected by intermolecular C-HÁ Á ÁO interactions (C4 Table 2 Hydrogen-bond geometry (Å , ) for B.
Cg2 is the centroid of the C27-C32 benzene ring. 
Figure 6
A partial packing view of (A) showing the chain structure. Yellow lines indicate the intermolecular O-HÁ Á ÁO hydrogen bonds, generating C(7) chains. Black dashed lines indicate the weak intermolecular C-HÁ Á ÁO and C-HÁ Á Á interactions. Cg1 is the centroid of the C27-C32 benzene ring. Only H atoms involved in hydrogen bonds are shown for clarity. The pentane solvent molecules have been omitted. [Symmetry codes: (i) Àx + 1, Ày + 2, Àz + 1; (ii) Àx + 1, Ày + 1, Àz + 1; (v) x, y À 1, z.] Table 1 ), forming a layer parallel to (001). Among the layers, disordered solvent pentane molecules are held by weak intermolecular C-HÁ Á ÁO interactions (C3P-H3PBÁ Á ÁO33 and C4P-H4PAÁ Á ÁO33 i ; Table 1 ), constructing a threedimensional architecture.
Compound (B)
The crystal packing is stabilized by an intermolecular O-HÁ Á ÁO hydrogen bond (O33-H33Á Á ÁO23 i ; Table 2 ) connecting the enantiomers alternately to form a chain with a C(9) motif along [101] (Fig. 8) . Further, an intermolecular weak C-HÁ Á Á interaction (C16-H16AÁ Á ÁCg2
iii ; Table 2 ) supports the chain formation. The chains are connected by a pair of intermolecular C-HÁ Á ÁO hydrogen bonds (C7-H7Á Á ÁO26
ii ; Fig. 9 , Table 3 Hydrogen-bond geometry (Å , ) for C. A packing diagram of (C) viewed down the c axis. Black dashed lines indicate the intermolecular C-HÁ Á ÁO interactions. Overlapped molecules (projection as a spider-like shape) do not constitute the same chain. A half body of the spider is only linked to the adjacent inverted one.
Compound (C)
The crystal packing is stabilized by a pair of intermolecular C-HÁ Á ÁO interactions (C31-H31Á Á ÁO33 i ; Table 3 ) with an ii and C16-H16AÁ Á ÁO23 ii ; 
Database survey
In the Cambridge Structural Database (CSD, Version 5.36, November 2014; Groom & Allen, 2014) , 85 structures containing a tricyclo[9.3.1.0 3, 8 ]pentadec-11-ene skeleton, (a), are found (Fig. 12) . These include a large number of paclitaxels and its analogues, and one compound (NEGBOQ; Poujol et al., 1997) Computer programs: APEX2 and SAINT (Bruker, 2014) , SHELXS2013 (Sheldrick, 2008) , SHELXL2014 (Sheldrick, 2015) , Mercury (Macrae et al., 2006) , publCIF (Westrip, 2010) and PLATON (Spek, 2009 ).
Figure 12
Core structures for database survey; tricyclo[9.3.1.0 3,8 ]pentadecane (taxane) and its (a) 11-ene, (b) 12-ene and (c) 13-ene derivatives, (d) tetracyclic core of the title compounds and (e) its regioisomer of olefin and (f) dehydro derivative of regioisomer.
Another tetracyclic taxoid (ILIQUP; Ohba et al., 2003) , which was unexpectedly generated by a cyclization reaction in our previous study, is closely related to the title compound. Additionally, a precursor of cyclization obtained in our previous study is also available (NOTROF; Oishi et al., 2015) . Another compound, closely related to the title compounds with a 2,4-dioxatetracyclo[12.3.1.0 1,5 .0 6,11 ]octadeca-8,14-diene skeleton, (f), was reported in the literature (Nicolaou et al., 1995) , but was not deposited in the CSD.
Synthesis and crystallization
The title compounds were obtained in a synthetic study on paclitaxel . The cyclohexene unit (C1/C14/ C13/C12/C11/C15) was synthesized according to a reported procedure (Nicolaou et al., 1995) , and coupled with the substituted cyclohexane unit (C3-C8) prepared from 3-methylanisole by a Shapiro reaction (Nicolaou et al., 1995) . Further manipulation of the functional groups and cyclization reaction afforded the tetracyclic benzoates (A) and its C10-epimer (B), which were oxidized into ketone (C). Each compound was purified by silica gel chromatography. Colorless crystals of (A) were grown from a benzene solution under a pentane-saturated atmosphere by slow evaporation at ambient temperature. Similarly, colorless crystals of (B) and (C) were obtained in the same manner.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 4 . C-bound H atoms were positioned geometrically with C-H = 0.95-1.00 Å , and constrained to ride on their parent atoms with U iso (H) = 1.2U eq (C) or 1.5U eq (methyl C). The H atom of hydroxy group was placed guided by difference maps, with O-H = 0.84 Å and with U iso (H) = 1.5U eq (O). For all compounds, data collection: APEX2 (Bruker, 2014 ); cell refinement: SAINT (Bruker, 2014) ; data reduction:
sup-1
SAINT (Bruker, 2014 ); program(s) used to solve structure: SHELXS2013 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: Mercury (Macrae et al., 2006) ; software used to prepare material for publication: publCIF (Westrip, 2010) and PLATON (Spek, 2009 ). are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. Problematic three reflections with |I(obs)-I(calc)|/σW(I) greater than 10 (1 1 0, 9 9 11 and 5 3 11) have been omitted in the final refinement. (9) 0.0231 (9) −0.0029 (7) −0.0042 (7) −0.0035 (7) C2 0.0196 (9) 0.0145 (9) 0.0193 (9) −0.0040 (7) −0.0026 (7) −0.0005 (7) C3 0.0138 (9) 0.0148 (9) 0.0206 (9) −0.0020 (7) −0.0009 (7) −0.0039 (7 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å
179.11 (16) C5′-C4′-O34′-C35′ 83.68 (19) C5-C4-O34-C35 99.01 (17) C3′-C4′-O34′-C35′ −155.31 (15) C3-C4-O34-C35 −140.30 (14) C4′-O34′-C35′-O36′ −79.7 (2) C4-O34-C35-O36 −79.12 (18) O34′-C35′-O36′-C37′ −66.5 (2) O34-C35-O36-C37 −71.1 (2) C1P-C2P-C3P-C4P 175.9 (6) O22′-C1′-C2′-O20′ 7.02 (15) C2P-C3P-C4P-C5P 179.1 (10)
Hydrogen-bond geometry (Å, º) Cg1 is the centroid of the C27-C32 benzene ring. ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. Problematic one reflection with |I(obs)-I(calc)|/σW(I) greater than 10 (-1 0 1) has been omitted in the final refinement. Special details Experimental. M.p. 510.7-512.2 K (not corrected); IR (film) 2934, 1804, 1718, 1689, 1668, 1272, 1230, 1108, 1058, 732, 713 cm Symmetry codes: (i) −x+2, −y+1, −z+2; (ii) −x+2, −y+1, −z+1.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
